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ABSTRACT

This report summarizes the second four months progress of an
investigation of the etfect of ultra-rapid quenching on certain alloys
of beryllium. The experimental techniques developed during the first
four months were applicd with only minor modifications to alloys of
the systems Be-0, Be-Al, Be-Si, Be-Sc¢, Be-Ni, Be-Cu, and Be-2Zn. No
changes in phase appear toe have been fnduced by ultra-rapid quenching
in most of the alloys tested, although a shift of lattice parameter
has been observed v several. Dofinite phase changes appedr to have
been induced in one Be-Cu alloy und in two Be-Ni{ alloys, but these

results are subject to further contirmation.
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NUTICES

"This document may not be reproduced or published in any form in
whole or in part without prior approval of the government. Since
this is a progress report, the {nformation herein is tentative and
subject to changes, corrections and madifications "

"Qualified requesters may obtain copies of this report from the
Armed Services Technical Intformatfon Apgency (ASTIA). Depariment
of Detense contractors mast be established tor ASTIA services,
or have their "needstoskoow'" certificd by the military agency
coptnigant ol their coatract
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1 INTRODUCTION
This progress report covers the gsecond four montlis work on the
subject contract, namely the months of Juune, July, August, and

September ot 1961,

The gencral background and the development of the basic experimen-
tal techniques which have been used were fully described in EOS Report
1o50-4M-1, and accordingly need not be repeated here. With the excep-
tion ot some very minor changes, the apparatus and procedures have
remained the same as described fn the report mentioned.  The changes
have consisted ot wrapping the output coil of the induction heater with
class tiber tape, and dnserting o ceramic sleeve between this output
coil and the yraphite nezzle which it surrounds.  The sleceve acts both
as g shield to retard loss of heat frowm the nozzle and as a dielectric
Lo prevent tormation ot an are discharye between nozzle and coil; the
vlass tape scerves te provent are formation between turas of the coil.
Both these changes were made because of the problems encountered in
melting and quenching allovs with relatively high melting points (say
above 1300 C). Arc formation is encourdayed both by the higher voltage
being fed to the output coil and by the presence of an argon atmosphere
(which requires an appreciably iower ficld for breakdown than, for
example, air under standard conditions). Use of the tape and the
sleeve have made possible satisfactory melting of all the alloys thus

far iavestigated

1650 -6M-2 1




2 RESULTS
For the sake ot clarity of presentaticn, the results obtained will

be discussed in terms ot cach ot the alloy systems investipgated

Compositions will be piven as weipht percent beryllium present, using
the common abbreviation "w/o Be' The systems will be discussed in

order ot dacreasing atoaic number of the alloying clement

£ b Beryllium-Oxyyen $vsten

Little intormation is available with respect to this system
inoeither of the comprebensive collections which have boecome widely
wovepted as antheritat ive (Rety 1 oand 2) Morcover, the gaseous nature
Conder standard conditions) o one ot the Component s makes control of
tie compositional variable ditticalt The investipation ot the Be-0
svsten within the scope ot the present proyram is theretore limited
I culy technigue available tor attenpting Lo el oxvyen into selution
i corsllium was o melt Be i contact with the intermediate phage BeQ
Cubiose existence, composition, and stracture are well estabiished)
Since all of the allovs jnvestipgated in the entire program have been
prepared by melting in BeO crucibles, anv O transterrved from BeO to
solut ion in Be by contact melting should appear (as o shift in lattice

paaramcter) 1o all allovs: thus no difference could be expected upon

further attempts in this direction Nevertheless, the experiment of
melting Be in a BeO crucible with some particles ot BeO (produced by
criashing a short length ot BeO tubing) was tried As expected, no
ditference in the X-ray pattern of the resulting ingot could be
detected.  An alternative approach, sumpgested by the project monitor,

wis subsequently tried The Brush Bervilium Co o supplics several

#rades of Be powder of varviny oxiyyen content; it miyht therefore be
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expected that these ditferent grades would have different lattice para-
meters and provide source material for investigating the effect of ultra-
rapid quenching Accordingly, samples of cach of the three grades of
powder were obtained, and a specimen of ecach was melted and X-rayed It
wias noted that each melt separated into two parts, one of which was

roughly sphevical in shape and had a bright metaliic luster, and the

other ot which had o dark surtace wnd an drregular shape Fach part wias
X-raved separately It was tound that buth parts ot all thiree grades of

Be showed the powder pattern of Be with no measurable vartatfon in spac-
10y trom those ot the pattera of Pechiney Be v addition, the three
darker portions showed several lines which coincided in spacing with the
stromest lines of the pattern of Bed (as given on card 4-0843 of the

ASTM tile, Ret 1) Moreover, the analvsis tarnished by the vendor

s the pereentyie (presumtbly by weight) of BeO present in cach of

tie powders turaiched, asn tollows

Brush Desipuation Peveent Beo
SP-100 0 89
SP- 200 1 6y
SP- 300 2 04

Ihe iadications are, theretore, that the VRV e Wdas preseat in the source
material as BeQ, rvather than in solid solution in RBe It this {s true,
thent ot course thers has been no gdin in using the Brush powders, as the
preparation procedure would still consist of welting Be in contact with
BeO. However, it is planned that both portioas of cach prade of powder

“ill be subjected to ultra-rapid quenching

1650 -41-2 §




2.2 Berylliuwm-Aluminum System

According to Ref 1, the elements Be and Al show no mutual
solid solubility, but form a cutectic at about 1| w/o Be composition, with
4 melting point of 645 C Samples of compousitions 1, 9, and 80 w/o Be
were prepared and quenched by the usual procedures (as described in EOS
Report 1650-4M-1), except that it was found necessary to add a flux in
order to induce wmixing ot the molten Be and Al; sodium {luosilicate

(Na Si}‘h) wias used for this purpose. Before quenching, only the lines

2
duc to Al were found in the X-ray patterns of the 1 and S w/o Be speci~
mens, s wis to be expected with such small concentrations of Be.  The
BU w/o Be specimen showed the lites of both Be and Al in the pattern
Atter rapid queanching, no gualitative change wias found in the structures;
the 1 oand 9 w/o Be samples still showed only Al, and the 80 w/o Re stiii
showed only Be and Al The parameter ot the Al was not tound to be
seasurably different from the ASTM valuc ol & 0496 X in any of these
patterns except possibly those of the 5 w/o Be alloy, which were found
to be 4 047 X betore quenching and & 049 X aiter quenching However,

1t seens doubt ful that these slight varfations are sipnificant, espe-

cially in view of the results obtained from the other alloys
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23 Beryllium-Silicon Svstem

The Be-8i system is qualitatively similar in equilibrium pro-
perties to the Be-Al system, in that the two components show no mutual
solid solubility but torm a cutectic at a composition of 39 w/o Be with
a melting point of 1090 €. Specimens having the compositions 20, 40,
00, 75, 80, and Y0 w/o Be were prepared and quenched by the usual pro-

cedures.  X-ray patterns made prior . quenching showed the szaples to

be mixtures of Be and 31, {0 agreement with tie reported equilibrium
propertivs (Ref 1), except that only the strongest line of Be appeared
in the 20 w/o Be specimen After quenching, only a few Be lines appeared
in the patterns of the 20, 40, o0, and 75 w/e Be specimens, so that ao
sipniticant measurement of the lattice parameters could be made; in the
8¢ and 90 w/o Be specimens no change in spacings from those of the ASTM
tile could be detected On the other hand, the Si reflections appeared
clearly i the 20, 40, o0, and 75 w/o Be specimens, but only four $i
retiections appeared in the patterns of the 80 and 90 w/o Be specimens.
Nooother phasces dappedared atter guenching The parameter of the S§i, as
calenlated from the (531) retlection, showed some variation in the four
low-Be allovs (in which it could be measured®with some accuracy) as

follows:

w/o Be Parameter (X)

0 5.4301 (ASTM value for Si)
20 5 638
40 5 406
60 5 393
75 5 407

There s therefore some indication that some Be may be taken

Into solid solution in Si in the 40, 60, and 75 w/o ailoys as a result

1A50-4M-2 i)




ot rapid quenching, since the parameter of the Si appears to be lowered
by an amount larger than could be ascribed to experimental error. How-

cver, it would seem that some lowering of the parameter should in that

case alse be observed in the 20 w/o Be alloy. This question will be

turther investigated

1650-4M-2 6
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2 4 Beryllium=-Scandium System

Investigation «f this system {s somewhat handicapped by the
tact that nefither Ref. 1 nor Ref. 2 gives any (nformation about its
equiiibrium properties. It {5 therefore impossible to select logical
compositions (such as those of fntermediate phases or eutectics) for
experimentation In view of the technological ifnterest in producing
ductile Be alloys, the high-Be compositions 80 w/o Be and 90 w/o Be
have been chosen as o starting point. It was found necessary to use a

flux (Nu,SiFD) to iaduce the molten Be and S¢ to cembine X-ray analysis

2
of the resulting alloys show that at both compositions there is appar-
ently an iatermediate phase formed; the powder patterns are alike and
consist ot a4 very large number of lines. It is of course impossible to
conclude that the complexity of the patterns is not due to the presence
of more than one phasce, cither because the Be<Sc system really has a
two-phase roglon at these compositions or because true equilibrium was
not attained fn the experiments In any cvent, the alloys will be sub-
jected to rapid quenching and again X-rayed to determine whether any

change of structurs has been produced.

i650-4M-2
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2.5 Beryllium-Nickel System

This system consists of the intermediate phases BeN{ and
Bcleis. with cutectics formed between them and hetween the terminal
solid solutions and the adjacent intermediate phase (Refs 1 and 2).
These three eutectics and two intermediate phases were selected for

investigation, the compositions being as follows:

Composition

(w/o Be)

Signitficance

5.7 Eutectic between Ni and BeNi
14 Intermediate phase BeNi
25 Futectic between BeNi and BNHNiS
50 lntermediate phase BcZINiS
5 Eutectic between B“ZIN‘S and Be

The alloys of thiis svstem were among the wost difficult to
prepare because of thedir relatively high melting points, but the appara-
tus changes meationed carlicr in the report (i.¢ , wrapping the output
coil with glass fiber tape and using a ceramic sleeve around the gra-
phite nozzle) made {t possible to obtain satisfactory results. X-ray
patterns of all five alloys prior to quenching showed them to consist
of the correct equilibrium compositions as shown in the tabulation
above  After rapid quenching, the patterns of the 5 7 and 14 w/o Be
alluys were found to be the same as they had been before quenching.

The remaining three alloys were changed as follows

Composition

(w/o _Be)

Pattern after Quenching

25 Strong BeNi plus unidentificd lines
{
not BOZINIS)
40 BeNf only
58 New phase tentatively analyzed as fgce-

centered cubic with parameier 6 05 A

1650-4M-2 8




Since these results appear to represent complete changes of
phase on quenching, it 1s important that they be checked carefully.

Experiments designed to prove or disprove the authenticity of these

results are now in progress They consist of two approaches. first,

repetition of the preparation and quenching to determine whether the same
results can be obtained, and second. heat treatment of the quenched
samples to determine whether reversfon to the equilibrium structure can

be induced. Reversion to wgquilibrium would be conclusive proof that a

true change in structure bwad been produced by quenching, and that the

observed changes in X-ray ditfraction patterns were not due merely to an

accidental alteration of composition, for example The quenched 40 w/o

Be alloy has been heated 12 hours at 200 € and 1 hour at 400" C without

causing a reversion of the BeNi pattern to the eg¢uilibrium phase BcZINiS.

It is of interest to wote the variation in the lattice para-

mseter of the BeN{ phase obtained by several differeat procedures
Parameter L)

h 2601

Speeimen
14 w/o Be betore guenc
14 w/o Be stter quench ' 2 613

616

ro

40 w/o Be atter quench
The parameters were caleulated by averaging the values obtained from

> high-angle reflections of cach pattern For comparisoen, Ref. |

. . ; - [ LR
2 BeNi ovaries from 2.62A at 13 4 w/o Be to

B
LSS S ]

staces that the parame

2.61% at 14.5 w/o Be.
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2 ¢ Beryllium-Copper System

According to Ret 1, the Be-Cu system consists of terminal solid
solutions and three intermediate phases designated B, 8' and % in order
ot iuncreasing Be content The B-phase is centered about the compousition
6 w/o Be (roughly BeCu,), the B'-phase about 12 w/u Be {roughly BeCu),

2
and the o -phase about 30 w/o Be troughly BL-}CH) Since all three
phases exist over 4 range of compositiocn (slthough the range s narrow
it the case vi the $'-phase) it is probably preferable to use the Greek-
letter designations The compositions selected for investigation
corresponded to these three intermediate phases, plus two high-Be
allovs (B0 w/o and 90 w/o Be) included because of the technological
inte=rest in obtainin ductile Be Both the 80 wio Be and the 90 w/o

Be compositions lie in the Bee-rich terminal solid solution (Ret 1)

All the allovs were prepared and guenched by the usual proce-
dures X-ray patteras made prior to rapid quenching showed that the
allovs had the correct equilibrium structures, except that poor patterus
were obtained trom the B oand g phases However, after quenching, these
allovs yielded clear patteras of (respectively) the B and g’ phases
only, indicating that the compositions were correct as prepared, and
that the unsatisfactory patt.rons were probably due to foncomplete alloy-
ing. With the exception of the 30 w/o Be alloy (-phase in equilibrium),
none of the specimens showed any change of structure after quenching.

The 30 w/o Be, which had viclded a ¢lear - -phase pattern before quench-
ing. gave only a clear B'phase pattern after guenching In order to
check this result, a4 new sample was prepared and quenched; again only a
clear - -phase pattern was obtained before quenching, but after quench-
ing a weak “-phase pattern appeared together with the strong B -phase
pattern The tentative conclusion is that there is a transformation
from < to B' induced by gquenching, and that in the second sample the
quench was not quite as effective as in the first Apain, further work

will be necessary to prove or disprove the point

1730-4M-2 14




2.7 Beryilium-Zinc System

Very 'itile information on the Be-%Zn system is given in Refs,
1 and 2 It seems probable that little investigation of the system hae
been made becduse of the experimental difficultics encountered in
attempting to alloy the two elements, since the boiling point of Zn
(namely 906 €C) is considerably below the melting point (1280°C) of Be.
An attempt was made to form an alloy of Be and Zn in the present program,
but the Zn evaporated and deposited {n a film on the adjacent apparatus
before the Be was melted. Cossequently, {t does not seem feasible to
investigate the Be-Zn system within the scope of the present program,
as the eatire quenching apparatus would have to be rebuilr so ag te

voperdate in g high-pressure atmosphere.

=~
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3 FUTURE WORK

It is planued that the program will be continued along the following

three lines

1 Using present tedhiniques, extend work to include other alloy
svstums, or other compositions withio the systems already fovestigated,
which may be of faterest

2 Using present techoiques, attempt to conclusively settle any

questivas which have been Lett uadecfded at the present stage of the
prosran Ihis point weuld cousist larpely of proving or disproving the
authenticity of the phase transformations which have been found to te

proshiced beorapid quenchiog

3 Adoption of a new improved desipo of quenching apparatas now
being developed by Duwesr and co-workers at the Califorvia fostitute of

T-chmolopy It appears that the

ign will be simpile and inexpen-
i

sty to constract, and should be checked out in the tairly vcear future

Since it is still ds an experis

atal stage, desoription of it will be

deferred to a future propress report
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